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SCRIBE METHOD AND SCRIBE APPARATUS 
FOR BRITTLE MATERIAL SUBSTRATE 

TECHNICAL FIELD 
5 The present invention relates to scribe methods and scribe 

apparatuses for brittle material substrates with which, in the course of 
cutting a brittle material substrate, such as a glass substrate used for a flat 
panel display (referred to as "FPD") below, or a semiconductor wafer or a 
ceramic substrate, a plurality of scribe lines intersecting with one another 
10 are formed on the surfaee'iof the^hrittle material substrate. 



BACKGROUND ART 
As products related to FPDs, liquid crystal display panels, liquid 
crystal projector substrates, organic electroluminescence elements and the 

15 like are used in various applications as display means for displaying images 
and text. In the process of manufacturing liquid crystal display panels, 
which are an example of such FPDs and are formed by bonding a pair of 
glass substrates together, two mother glass sheets of large dimensions are 
bonded together, and then cut to a predetermined size. Tb cut this mother 

20 glass substrate, first, the operation of pressing a cutter wheel against the 
surface of the mother glass substrate and letting the cutter wheel roll 
(travel) in one direction is repeated for a predetermined number of times 
while successively shifting the start position, thus forming parallel scribe 
lines of a first direction. Then, cross-scribing is performed, which means 

25 that scribe lines of a second direction intersecting with the scribe lines of the 
first direction are formed by changing the travel direction of the cutter wheel 
to a direction that intersects with the first direction. After this, the 
cross-scribed mother glass substrate is fed into a breaking machine, the 
substrate is fragmented along the scribe lines by applying a predetermined 

30 bending stress to the substrate with the scribe lines as the center axis, 
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whereby the desired liquid crystal display panel is obtained. 

As a cutter wheel that is suitable for such a scribe apparatus for 
cross-scribing brittle material substrates, the appUcant of the present 
application has already developed a "glass cutter wheel" (see Japanese 
5 Patent 3074143; Patent Document l), in which protrusions are formed by 
providing fine cut-outs at equal spacing on the blade ridge. A scribe 
apparatus employing this glass cutter wheel suppresses the occurrence of 
residual stress during scribing, and makes it possible to attain 
high-penetration vertical cracks passing through the glass, without 

10 increasing the occxurrence of unnecessary chipping (horizontal cracks) in the 
glass firagmentation plane. 

When cross-scribing brittle material substrates using a scribe 
apparatus employing a cutter wheel that has not been subjected to such 
processing as indentations and protrusions on the blade ridge of the cutter 

15 wheel, a phenomenon known as "intersection skipping^' (in the vicinity of the 
location where the cutter wheel passes through the scribe Hne that has been 
formed first, the scribe line that is to be formed afterwards is not formed) 
may occur. This phenomenon is caused by stress remaining on both sides of 
the scribe line (line of the vertical crack) that has been formed first, and 

20 when a scribe line intersecting with the initially formed scribe line is then 
formed, the pressing force of the cutter wheel with respect to the brittle 
material substrate for generating the vertical crack is reduced at the location 
where this stress remains, so that no scribe line is formed. This 
phenomenon used to occur fi*equently. However, if cross-scribing is 

25 performed with a scribe apparatus provided with a cutter wheel in which 
protrusions are formed by providing fine cut-outs at equal spacing on the 
blade ridge, then impacts are applied to the point on the brittle material 
substrate (hereinafter referred to as point impacts) by the protrusions 
formed on the ridge portion of the cutter wheel, and when the cutter wheel 

30 passes through a location where the above-mentioned stress remains, then 



2 



the pressing force of the cutter wheel with respect to the brittle material 
substrate is not reduced, so that the phenomenon known as intersection 
skipping, which could be observed in conventional scribe apparatuses 
employing a cutter wheel that is not provided with any processing such as 
5 indentations and protrusions on the blade ridge, does not occur, and 
high-penetration vertical cracks can be attained, so that there was the 
advantage that the fragmentation operation with the breaking machine after 
the scribing can be carried out without any difficulties. 

Now, a scribe apparatus employing the cutter wheel of Patent 

10 Document 1 is unproblematic when the scribe lines are formed only in one 
direction on the brittle material substrate, but if cross-scribing as described 
above is carried out (see FIG. 26), then defects known in the art as chipping, 
chafing and splintering, shown in FIGS. 27 through 29, sometimes occurred 
at the intersections S between the scribe lines (LI to L3 and L4 to L7). 

15 "Chipping" occurs (as indicated by the letter a in the figure) when the 

substrate on the side over which the cutter wheel C is pressed and rolled on 
the brittle material substrate G sinks down (see the arrow direction in the 
figure), as shown in FIG. 27, and is lifted onto the half-cut substrate on the 
other side when hitting the existing scribe lines LI to L3. 

20 "Chafing^' means that the cutter wheel C is pressed and rolled over 

the brittle material substrate G, as shown in FIG. 28, and before it hits the 
existing scribe lines LI to L3, the half-cut substrates rub against one another, 
and fine chipping occurs at their respective end portions. This is referred to 
as chafing B. 

25 "Splintering^' means that the cutter wheel C is pressed and rolled 

over the brittle material substrate G, as shown in FIG. 29, and when it is 
about to hit one of the existing scribe lines LI to L3, the half-cut scribe lines 
LI to L3 (in which the vertical crack K reaches down to about 90% of the 
thickness of the brittle material substrate G) fragmentate in an obUque 

30 direction near the rear surface of the brittle material substrate G. This 
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defect is referred to as splintering y- 

Needless to say, all of these defects harm the quality of the product 
and cause a lowering of the manufacturing yield of FPD substrates. 

In order to address this, the inventors have studied these problems in 
5 detail, and as a result have conceived of the invention of this application, 
focusing on the characteristic phenomena that occiir when scribing is 
performed on brittle material substrates with a cutter wheel as disclosed in 
Patent Document 1. 

That is to say, the inventors could confirm that when scribing is 

10 performed with such a cutter wheel, immediately after the scribing start, 
due to the protrusions formed in the blade ridge of the cutter wheel, the 
cutter wheel itself does not slip on the brittle material substrate, and a deep 
vertical crack advances also in the direction opposite to the scribe direction. 
FIG. 24 and FIG. 25 are schematic diagrams illustrating this phenomenon. 

15 Scribing starts (in FIG. 25, the cutter wheel C advances in the direction 
indicated by the arrow T while rotating in the clockwise direction) in a state 
in which a blade load (see arrow P in the figure) is applied to the cutter wheel 
C, and when the load application process starts (see (l) to (3) in FIG. 24), the 
cutter wheel C does not slip on the brittle material substrate G due to the 

20 protrusions in the blade ridge, as noted above, so that a vertical crack K is 
generated in the brittle material substrate G as the cutter wheel C is rotated 
and moved (see (2) and (3) in FIG. 24). The high-penetration vertical crack 
K that is generated immediately after the scribing start is formed such that 
it advances in the direction opposite to the scribe direction. 

25 Moreover, it was found that during the scribing, the protrusions on 

the cutter wheel apply impacts to the brittle material substrate and form a 
vertical crack K, so that the formed vertical crack itself advances in the 
scribing direction. This phenomenon is such that the point impacts build 
up energy in the brittle material substrate that advances the vertical crack 

30 in the scribe direction, and also after the scribing has stopped, the front end 
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of the vertical crack extends beyond that stop position. As a result, the 
high-penetration vertical crack is formed such that it advances in the scribe 
direction. 

Accordingly, the inventors anticipated and experimentally confirmed 
5 that, by utilizing the above -described phenomena of the advance of the 
vertical crack, if scribing is started firom the vicinity of an existing scribe line 
of a first direction when cross-scribing, a vertical crack will reach this 
existing scribe line of the first direction due to the former phenomenon, and 
if scribing is stopped at the vicinity of an existing next scribe line of the first 

10 direction, a vertical crack will reach this existing next scribe line of the first 
direction due to the latter phenomenon. 

Moreover, the inventors foxmd experimentally that if cross-scribing is 
performed with the above-described cutter wheel, when the load that is 
applied to the cutter wheel while forming at least one scribe line in the 

15 second direction that intersects with a scribe line in the first direction is 
made smaller than the load that is applied to the cutter wheel while forming 
at least one scribe line in the first direction, then the above-mentioned 
defects of chipping, chafing and splintering do not occur at all. 

The present invention, which solves the problems of the prior art, 

20 was conceived on the basis of the foregoing insights, and provides a scribe 
method and scribe apparatus with which scribe lines intersecting with one 
another can be formed without inviting the above -described defects that tend 
to occxu: at the scribe Une intersections. 

25 DISCLOSURE OF THE INVENTION 

In order to attain this object, a scribe method for a brittle material 
substrate according to the present invention is a scribe method for a brittle 
material substrate, in which a plurality of scribe Unes are formed in 
directions intersecting with one another in a svirface of the brittle material 
30 substrate, wherein, after forming at least one scribe hne in a first direction 
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by a scribe means generating a high-penetration vertical crack in the brittle 
material substrate by applying impacts of a short period to the point on the 
surface of the brittle material substrate, at least one scribe line of a second 
direction along a direction intersecting with the at least one scribe Une of the 
5 first direction is formed with the scribe means by scribing without producing 
intersections with the scribe line(s) of the first direction. 

A scribe apparatus according to the present invention is a scribe 
apparatus for carrying out the above-described scribe method, and comprises 
a scribe means generating a high-penetration vertical crack in the brittle 

10 material substrate by applying impacts of a short period to the point on the 
surface of the brittle material substrate; and a travel motion control means 
for letting the scribe means travel while avoiding scribe lines formed in the 
first direction when forming the at least one scribe line of the second 
direction with the scribe means. 

15 With such a scribe method and scribe apparatus, immediately after 

the scribing for forming a scribe line of the second direction has started 
behind a position near a scribe Une of the first direction, a vertical crack 
reaches the scribe line of the first direction due to the above-described 
vertical crack advance phenomenon, and by stopping the scribing 

20 immediately before reaching the next scribe Une of the first direction, a 
vertical crack reaches this next scribe line of the first direction to this 
phenomenon. Thus, by scribing with the scribe means applying impacts of 
a short period to the point on the brittle material substrate without 
producing intersections with the at least one scribe Une of the first direction, 

25 that is, by letting the scribe means travel while avoiding the scribe Unes of 
the first direction, the load of the scribe means is ultimately not appUed to 
the intersections between the scribe Unes of the first direction and the scribe 
lines of the second direction, and the at least one scribe line of the second 
direction intersecting with the at least one scribe Une of the first direction 

30 can be formed without the above -noted defects of chipping, chafing and 



splintering. 

Another scribe method according to the present invention is a scribe 
method for a brittle material substrate, in which a plurality of scribe lines 
intersecting with one another are formed in a surface of the brittle material 
5 substrate, wherein, when sequentially forming in the surface of the brittle 
material substrate at least one scribe line of a first direction and at least one 
scribe of a second direction intersecting with the at least one scribe Une of 
the first direction with a scribe mans generating a high-penetration vertical 
crack in the brittle material substrate by applying impacts of a short period 

10 to the point on the surface of the brittle material substrate, the relation 
between a load PI that is applied to the scribe means while forming the at 
least one scribe line in the first direction and a load P2 that is applied to the 
scribe means while forming the at least one scribe Une in the second 
direction is set to PI > P2. 

15 Moreover, another scribe apparatus according to the present 

invention is a scribe apparatus carrying out this other scribe method, the 
scribe apparatus comprising a scribe means generating a high-penetration 
vertical crack in the brittle material substrate by applying impacts of a short 
period to the point on the surface of the brittle material substrate^ and a load 

20 control means controlling a load applied to the scribe means such that the 
relation between the load PI that is applied to the scribe means while 
forming the at least one scribe hne in the first direction and the load P2 that 
is applied to the scribe means while forming the at least one scribe line in the 
second direction is PI > P2. 

25 With this scribe method and scribe apparatus, the afore-mentioned 

defects of chipping, chafing and splintering do not occur at all. 

Consequently, it is possible to improve the product yield of the 
above-mentioned FPDs. 
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BRIEF EXPLANATION OF THE DRAWINGS 
FIG. 1 is a schematic front view showing an example of a scribe 
apparatus according to an embodiment of the present invention. 

FIG. 2 shows an example of a cutter wheel used in the present 
5 invention; FIG. 2(a) is an external lateral view of the cutter wheel taken 
from the rotation axis direction; FIG. 2(b) is an external front view of the 
cutter- wheel taken from a direction perpendicular to the rotation axis 
direction; FIG. 2(c) is a magnification of the blade ridge portion A shown in 
FIG. 2(a). 

10 FIG. 3 is a magnified sectional view showing the vertical crack that 

occurs when scribing a brittle material substrate with the cutter wheel 
shown in FIG. 2. 

FIG. 4 is a partially magnified view showing another example of a 
cutter wheel. 

15 FIG. 5 is a partially magnified view showing yet another example of a 

cutter wheel. 

FIG. 6 is a partially magnified view showing another example of a 
cutter wheel. 

FIG. 7 is a top view of a brittle material substrate illustrating a 
20 scribe method of the present invention. 

FIG. 8 is a top view of a brittle material substrate illustrating a 
scribe method of the present invention. 

FIG. 9 is a partially magnified top view of a brittle material substrate 
illustrating a scribe method of the present invention. 
25 FIG. 10 is a top view of a brittle material substrate illustrating a 

working example of the present invention. 

FIG. 11 is a partially magnified plan view illustrating the magnitude 
of the splintering occurring in Working Example 1 of the present invention. 

FIG. 12 is a partially magnified plan view illustrating the magnitude 
30 of the chipping occurring in Working Example 1 of the present invention. 



FIG. 13 is a partially magnified lateral view illustrating the set depth 
of the cutter wheel with respect to the brittle material substrate (glass sheet) 
in Working Example 1 of the present invention. 

FIG. 14 is a radar chart showing the incidence rate of splintering in 
5 Working Example 1 of the present invention. 

FIG. 15 is a radar chart showing the incidence rate of splintering in 
Working Example 1 of the present invention. 

FIG. 16 is a radar chart showing the incidence rate of chipping in 
Working Example 1 of the present invention. 
10 FIG. 17 is a radar chart showing the incidence rate of chipping in 

Working Example 1 of the present invention. 

FIG. 18 is a radar chart showing the incidence rate of chafing in 
Working Example 1 of the present invention. 

FIG. 19 is a radar chart showing the incidence rate of splintering in 
15 Working Example 2 of the present invention. 

FIG. 20 is a radar chart showing the incidence rate of splintering in 
Working Example 2 of the present invention. 

FIG. 21 is a radar chart showing the incidence rate of chipping in 
Working Example 2 of the present invention. 
20 FIG. 22 is a radar chart showing the incidence rate of chipping in 

Working Example 2 of the present invention. 

FIG. 23 is a radar chart showing the incidence rate of chafing in 
Working Example 2 of the present invention. 

FIG. 24 is a schematic cross- sectional view illustrating the 
25 phenomenon of advancing vertical cracks formed in the brittle material 
substrate whien scribing with the cutter wheel of FIG. 2. 

FIG. 25 is a schematic cross-sectional view illustrating the 
phenomenon of advancing vertical cracks formed in the brittle material 
substrate when scribing with the cutter wheel of FIG. 2. 
30 FIG. 26 is a top view of a brittle material substrate for illustrating 
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cross-scribing with a conventional scribing method. 

FIG. 27 is a figure illustrating the chipping that occurs with the 
conventional scribing method. 

FIG. 28 is a figure illustrating the chafing that occurs with the 
5 conventional scribing method. 

FIG. 29 is a figure illustrating the splintering that occvirs with the 
conventional scribing method. 

BEST MODE FOR CARRYING OUT THE INVENTION 

10 The following is an explanation of embodiments of the present 

invention, with reference to the accompanying drawings. 

FIG. 1 is a schematic firont view showing a scribe apparatus 
according to an embodiment of the present invention. 

This scribe apparatus comprises a horizontally rotatable table 1 to 

15 which a brittle material substrate G placed on the table is adsorbed and fixed 
by a vacuum suction means, for example; a pair of parallel guide rails 2, 2 
supporting the table 1 such that it can be moved in the Y direction (direction 
perpendicular to the paper plane); a ball screw 3 that lets the table 1 move 
along the guide rails 2, 2; a guide bar 4 installed above the table along the X 

20 direction (horizontal direction in the figure), which is perpendicular to the Y 
direction; a scribe head 5 provided on the guide bar 4 and slidable in the X 
direction; a motor 6 letting the scribe head 5 slide; a tip holder 7 arranged 
ascendably/descendably and freely swingably at the lower portion of the 
scribe head 5; a cutter wheel 8 mounted rotatably to the lower end of the tip 

25 holder 71 a pair of CCD cameras 9 that are arranged above the guide bar 4 
and recognize alignment marks written onto the brittle material substrate G 
on the table i; and a travel motion control means, configured by software, 
which controls the shding operation of the scribe head 5, which is supposed 
to let the cutter wheel 8 travel while avoiding a first scribe line when forming 

30 a second scribe line, as well as the ascending/descending operation of the tip 



holder 7. 

It should be noted that the above-described scribe apparatus is only 
an example, and it may also be of a type in which the scribe head 5 is fixed 
and the table 1 moves in the X and Y directions, or of a type in which the 
5 table 1 is fixed and the scribe head 5 moves in the X and Y directions. 

The cutter wheel 8 (8A) show in FIG. 2 is of the type that apphes 
impacts of a short period to the point on the surface of the brittle material 
substrate G. FIG. 2(a) is an external lateral view of the cutter wheel 8 seen 
from a rotation axis direction, and FIG. 2(b) is an external front view of the 
10 cutter wheel 8 seen fi-om a direction at right angles to the rotation axis. 
Moreover, FIG. 2(c) is a magnification of a blade ridge portion A. Here, as 
shown in FIG. 8(c), protrusions 12 with a height h are arranged at a spacing 
of a pitch P by cutting out U-shaped grooves 11 in the blade ridge 10 of the 
cutter wheel 8A. 

15 The cutter wheel 8A given as an example here has a wheel diameter <|) 

of 2.5 mm, a wheel thickness W of 0.65 mm, a blade angle 20 of 125 \ a 
protrusion number of 125, a protrusion height h of 5 pm, and a pitch P of 63 
Jim. FIG. 3 shows a glass cross section when a glass sheet of 1.1 mm 
thickness has been scribed using this cutter wheel 8 under the conditions of 

20 0.35 N blade load and 300 mm/sec scribe speed. 

In FIG. 3, the impression L in the upper surface of the glass sheet is 
generated by press-roUing the cutter wheel 8 over the upper surface of the 
glass sheet G, and is referred to as "scribe line" (this hne extends in the 
direction perpendicular to the paper plane). Simultaneously to the 

25 engraving of this scribe line L, a crack (vertical crack) K extending vertically 
downward from the scribe line.L is generated, and in this case, a long crack 
(962 pm according to an actual measurement) that penetrates the glass 
sheet almost completely in thickness direction is generated, that is, a 
high-penetration vertical crack is generated. 

30 Thus, with the above-described cutter wheel 8, horizontal cracks are 
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not generated even when the blade load is made large, and a vertical crack K 
with a high penetration that is proportional to the magnitude of the load is 
attained. If the vertical crack K that is attained during scribing in this 
manner has a high penetration, then it is possible to perform accurate 
5 breaking along the scribe line in the breaking operation of the next step, 
increasing the yield. Moreover, since the breaking operation is easy, the 
content of the breaking step can be eased or simplified. 

FIGS. 4 to 6 are partial magnifications showing the circumferential 
ridge portion of other cutter wheels. The cutter wheel 8B of FIG. 4 is an 
10 example of protrusions 121 having a shape that is different fi*om the 
above -described cutter wheel 8A, and has protrusions 121 formed by cutting 
out V-shaped grooves 111 in a blade ridge 101. 

The cutter wheel 8C shown in FIG. 5 is an example of protrusions 

122 having a shape that is again different firom the cutter wheels 8A and 8B, 
15 and has protrusions 122 formed by cutting out sawtooth-shaped grooves 112 

in a blade ridge 102. 

The cutter wheel 8D shown in FIG. 6 is an example of protrusions 

123 having a shape that is different firom the above-described cutter wheels, 
and has protrusions 123 formed by cutting out rectangular grooves 113 in a 

20 blade ridge 103. 

The following is an explanation, with reference to FIGS. 7 to 9, of the 
control of the sliding operation of the scribe head 5 and the 
ascending/descending operation of the tip holder 7 with the travel motion 
control means, taking as an example the case that three first scribe lines and 

25 four second scribe lines intersecting with the first scribe lines are formed. 

First, prior to the scribe operation, the information regarding the 
formation position of and the distance between the first scribe lines LI to L3 
and the formation position of and the distance between the second scribe 
lines L4 to L7, as well as the scribe start positions and scribe stop positions 

30 for the second scribe lines L4 to L7 between the first scribe lines LI to L3 is 



entered as parameters into a computer (not shown in the drawings), on 
which the software constituting the travel motion control means is installed. 

That is to say, as shown in FIG. 7, for the values determining the 
formation positions of the first scribe lines LI to L3 and the distances 
5 between these, the upper left corner of the brittle material substrate G is 
taken as a reference point O, and the distance in the X direction (direction to 
the right in FIG. 7 and FIG. 8) from this reference point O is entered into the 
computer. Here, in order to simplify explanations, simple values are taken, 
with the scribe line LI being 10 mm, the scribe line L2 being 100 mm, and 

10 the scribe line L3 being 200 mm in the X direction from the reference point. 

Next, as the value determining the formation positions of the second 
scribe Hnes L4 to L7 and the distances between these, the distance in the Y 
direction (downward direction in FIG. 7 and FIG. 8) fi:om the reference point 
is entered as appropriate into the computer. 

15 Subsequently, for each of the second scribe lines L4 to L7, a value 

obtained by adding a predetermined distance to the distance of the first 
scribe hne LI fi*om the reference point O (in the example shown in FIG. 8, 
this value is 10.5 mm) is entered into the computer as the value determining 
the scribe start position Al between the first scribe lines LI and L2. 

20 Moreover, a value obtained by adding a predetermined distance to the 
distance of the first scribe Hne L2 firom the reference point O (in the example 
shown in FIG. 8, this value is 100.5 mm) is entered into the computer as the 
value determining the scribe start position A3 between the first scribe Unes 
L2 and L3. Here, positions that are removed in the X direction by 0.5 mm 

25 firom the first scribe lines LI and L2, respectively, are taken as the scribe 
start positions of the second scribe lines L4 to L7. 

Moreover, for each of the second scribe lines L4 to L7, a value 
obtained by subtracting a predetermined distance from the distance fi-om the 
reference point O of the first scribe line L2 (in the example shown in FIG. 8, 

30 this value is 99.5 mm) is entered into the computer as the value determining 
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the scribe stop position A2 between the first scribe lines LI and L2. 
Moreover, a value obtained by subtracting a predetermined distance fi-om 
the distance of the first scribe line L3 firom the reference point O (in the 
example shown in FIG. 8, this value is 199.5 mm) is entered into the 
5 computer as the value determining the scribe stop position A4 between the 
first scribe lines L2 and L3. Here, positions that are removed in the 
direction opposite to the X direction by 0.5 mm fi-om the first scribe lines L2 
and L3, respectively, are taken as the scribe stop positions of the second 
scribe lines L4 to L7. 

10 FIG. 9 is a partial magnification showing the scribe start position Al 

and stop position A2 between the first scribe lines LI and L2. In this 
example, the distance Bl between the first scribe line LI and the scribe start 
position Al as well as the distance B2 between the first scribe line L2 and 
the scribe stop position A2 are both set to 0.5 mm, but this value can be 

15 adjusted as appropriate in accordance with the properties and the thickness 
of the brittle material substrate G, and the blade load during the scribing 
and the like, and in practice it is preferable that it is set to about 0.5 to 0.7 
mm. 

It shoxild be noted that the order of the input of the above -noted 
20 values is arbitrary, and there is no limitation to the above-noted example. 
Furthermore, also the position of the reference point O does not have to be in 
the upper left corner of the brittle material substrate G, and may also be at 
any other corner, or at a known predetermined position other than a corner, 
such as the center of any of the sides. 
25 When the settings of the scribe position values for the first and 

second scribe lines LI to L7 have been concluded in this manner, the scribing 
begins. When the scribing is started, first, the first scribe lines LI to LS are 
formed on the brittle material substrate G, in accordance with the 
above-noted input values. 
30 When this is finished, the table 1 is rotated 90% and the scribing of 
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the second scribe lines L4 to L7 is started, but at this time, the scribe head 5 
is controlled by the control means to slide along the guide bar 4 to the 
location above the start position for the second scribe line L4, and after 
temporarily stopping when it has reached this position, the tip holder 7 is 
5 lowered. Thus, the cutter wheel 8 provided on the tip holder 7 is lowered to 
the above-explained scribe start position Al. After this, the blade load is 
applied to the cutter wheel 8, and in this state, the scribe head 5 slides 
toward the next first scribe line L2. When the scribe head 5 starts to slide 
and the scribing begins, a high-penetration vertical crack is advanced by the 
10 cutter wheel 8 in the brittle material substrate G in the direction opposite to 
the scribe position, that is, in the direction towards the first scribe line LI, 
and as a result, the starting end of the second scribe line L4 reaches the first 
scribe line LI. 

When the cutter wheel 8 eventually reaches a predetermined position, 

15 that is, the scribe stop position A2 set before the first scribe line L2, then the 
scribe head 5 stops, subsequently the tip holder 7 is lifted, and the cutter 
wheel 8 is removed fiom the brittle material substrate G. At the time when 
the cutter wheel 8 has reached the stop position A2, the front end of the 
vertical crack extends beyond the stop position further frontward even after 

20 the scribing has stopped, as described above, the high-penetration vertical 
crack is formed such that it advances in the scribe direction, and as a result, 
the final end of the second scribe line L4 reaches the first scribe line L2. 

When tip holder 7 has been lifted, the scribe head 5 slides again 
toward the X direction, and passes over the first scribe fine L2. Then, when 

25 the scribe head 5 has reached the location above the scribe start position A3 
between the first scribe lines L2 and L3, it is temporarily stopped, and the 
tip holder 7 is lowered again. Thus, the cutter wheel 8 is lowered to the 
predetermined scribe position A3, that is removed by a predetermined 
distance in the X direction firom the first scribe Une L3. After this, a blade 

30 load is again applied to the cutter wheel 8, and in this state, the scribe head 



5 slides toward the final first scribe line L3. 

When the cutter wheel 8 eventually reaches a predetermined position, 
that is, the scribe stop position A4 set before the first scribe line L3, then the 
scribe head 5 stops, subsequently the tip holder 7 is lifted, and the cutter 
5 wheel 8 is removed fi-om the brittle material substrate G. This concludes 
the scribing of the second scribe line L4. After this, the remaining second 
scribe lines L5 to L7 are formed one after the other in the same manner as 
described above. 

It should be noted that in the above-described embodiment, an 
10 example was given in which the scribe means was configured by, among 
others, the scribe head 5, the tip holder 7 and the cutter wheel 8, but as long 
as impacts with a short period are applied to the point on the surface of the 
brittle material substrate G, other configurations are also possible. 

For example, it is also possible to apply to a cutter that is pressed 
15 against the point on the surface of the brittle material substrate G vibrations 
brought about by the periodic expansion and contraction of a vibratory 
actuator to periodically increase the pressure (load) appUed to the cutter, 
thus applying impacts to the point on the brittle material substrate G. An 
example of this is the apparatus disclosed in Japanese Patent No. 2954566, 
20 so that further detailed explanations are omitted. 

The following is an explanation of an embodiment of the invention 
according to claims 3 and 4. 

The form of the scribe apparatus is basically the same as the one 
explained in the above -described embodiment, so that only the differing 
25 aspects are explained here. 

The aforementioned embodiment is provided with a travel motion 
control means, configured by software, which controls the sUding operation 
of the scribe head, which is supposed to let the cutter wheel travel while 
avoiding first scribe Unes when forming the second scribe Unes, as well as 
30 the ascending/descending operation of the tip holder, but instead of this 



travel motion control means, this embodiment is provided with a load control 
means configured by software. 

This load control means controls the load applied to the cutter wheel 
such that the relation between the blade load PI on the cutter wheel when 
5 forming the first scribe lines and the blade load P2 on the cutter wheel when 
forming the second scribe Unes becomes PI > P2. 

When providing such a load control means, the above-mentioned 
defects of chipping, chafing and splintering did not occur at all during the 
cross-scribing. 

10 The following is a description of working examples. 

Working Example 1 

As shown in FIG. 10, five first scribe lines LI to L5 and five second 
scribe lines L6 to LIO were scribed into a glass sheet of 0.7 mm thickness 

15 serving as the brittle material substrate, and the incidence rate of the 
above-noted chipping, chafing and splintering were determined for all 25 
intersections between the first and second scribe lines. It should be noted 
that what is referred to below as the magnitude of the splintering is the 
dimension indicated by the letter m in FIG. 11, and the magnitude of the 

20 chipping is the dimension indicated by the letter n in FIG. 12. 

As for the scribe parameters, the travel speed of the cutter wheel was 
set to 300 mm/sec, and the set depth before the cutter wheel is Hfted onto the 
glass plate (see letter d in FIG. 13), that is, the cut-in amount was set to 0.15 
mm. It should be noted that the reference numeral 8 in the figure denotes 

25 the cutter wheel, and G' denotes the glass sheet. Moreover, the blade load 
PI that is appUed to the cutter wheel for the formation of the first scribe 
lines LI to L5 was set to the four values 0.15 MPa, 0.20 MPa, 0.25 MPa and 
0.30 MPa, and the blade load P2 that is applied to the cutter wheel for the 
formation of the second scribe lines L6 to LIO was set to the four values 0.15 

30 MPa, 0.20 MPa, 0.25 MPa and 0.30 MPa. 



The results of the scribing in accordance with the foregoing are 
shown in the radar charts of FIGS. 14 to 18. 

FIG. 14 shows the incidence rate of spUntering with a magnitude of 
100 to 200 Jim, FIG. 15 shows the incidence rate of splintering with a 
5 magnitude of 200 to 300 iim, FIG. 16 shows the incidence rate of chipping 
with a magnitude of 150 to 300 iim, FIG. 17 shows the incidence rate of 
chipping with a magnitude of more than 300 pm, and FIG. 18 shows the 
incidence rate of chafing. 

As becomes clear from these figures, if the relation between the blade 
10 load PI with respect to the cutter wheel when forming the first scribe lines 
LI to L5 and the blade load P2 with respect to the cutter wheel when forming 
the second scribe lines L6 to LIO is set to PI > P2, then the incidence rates of 
splintering, chipping and chafing decrease. 

15 Working Example 2 

Scribing was performed with the same parameters as in Working 
Example 1, except that the travel speed of the cutter wheel was set to 100 
mm/sec, the blade load PI that is apphed to the cutter wheel for the 
formation of the first scribe lines LI to L5 was set to the three values 0.15 

20 MPa, 0.20 MPa and 0.25 MPa, and the blade load P2 that is applied to the 
cutter wheel for the formation of the second scribe Hnes L6 to LIO was set to 
the three values 0.15 MPa, 0.20 MPa and 0.25 MPa. 

The results of this are shown in the radar charts of FIGS. 19 to 23. 
FIG. 19 shows the incidence rate of splintering with a magnitude of 

25 100 to 200 nm, FIG. 20 shows the incidence rate of splintering with a 
magnitude of 200 to 300 pm, FIG. 21 shows the incidence rate of chipping 
with a magnitude of 150 to 300 jim, FIG. 22 shows the incidence rate of 
chipping with a magnitude of more than 300 pm, and FIG. 23 shows the 
incidence rate of chafing. 

30 As becomes clear from these figiires, if the relation between the blade 
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load PI with respect to the cutter wheel when forming the first scribe lines 
LI to L5 and the blade load P2 with respect to the cutter wheel when forming 
the second scribe lines L6 to LIO is set to PI > P2, then the incidence rates of 
splintering, chipping and chafing decrease. 
5 It should be noted that in the above-described embodiment, an 

example was given in which the scribe means was configvired by, among 
others, the scribe head 5, the tip holder 7 and the cutter wheel 8, but as long 
as impacts with a short period are applied to the point on the surface of the 
brittle material substrate G, other configurations are also possible. 

10 For example, it is also possible to apply to a cutter that is pressed 

against the surface of the brittle material substrate G vibrations brought 
about by the periodic expansion and contraction of a vibratory actuator to 
periodically increase the pressxxre (load) applied to the cutter, thus applying 
impacts to the point on the brittle material substrate G. An example of this 

15 is the apparatus disclosed in Japanese Patent No. 2954566, so that further 
detailed explanations are omitted. 

It should be noted that the foregoing explanations were mainly for 
the case that scribe lines are formed on a glass substrate, which is one kind 
of brittle material substrate, but there is no limitation to this, and the scribe 

20 apparatus and scribe method of the present invention can also be 
advantageously applied to a step of forming scribe Unes on flat panel 
displays (FPDs) in which brittle material substrates are bonded together 
such as liquid crystal display panels, plasma display panels (PDPs), or 
organic EL displays, or on mother bonded substrates such as transmissive 

25 projector substrates or reflective projector substrates. 

INDUSTRIAL APPLICABILITY 

The scribe apparatus and the scribe method of the present invention 
can be applied to glass substrates serving as brittle material substrates, to 
30 FPDs in which brittle material substrates are bonded together and to mother 
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bonded substrates, and are advantageous for forming scribe lines without 
inviting defects that tend to occur at intersections of the scribe lines formed 
on these substrates. 
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